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首先，对本实验室现有 HPV6 和 HPV11 单抗的亚型、与抗原的结合能力、
构象敏感性、中和活性、血凝抑制活性、血清阻断率及型别特异性等性质进行分
析和鉴定。并据此筛选出 7 株代表性 HPV6 单抗（18D2、10H1、11B10、12H4、





构象测定的竞争 ELISA 法（IC50 法）以及基于两个关键表位测定的双抗夹心
ELISA（rEC50 法）。针对 HPV6 抗原，三种方法分别涉及 5 株、5 株和 2 株单
抗；针对 HPV11 抗原，三种方法分别涉及 8 株、8 株和 2 株单抗。同时对上述
三种方法的重现性进行考察，RSD（%）均小于 20%，重现性良好。 
最后，本研究应用已建立的 HEV 疫苗多表位免疫化学质量分析系统对 HEV
疫苗（Hecolin®）的实时稳定性、热加速稳定性和免疫效果进行评价。研究中，















稳定性、颗粒性及抗原性等，发现疫苗在 4 ℃储存 24 个月后性质变化不大。研
究中还将五批 HEV 疫苗分别置于 25 ℃、37 ℃、42 ℃、50 ℃和 60 ℃不同时
间，用双抗夹心 ELISA（3A11 : p239 : 8C11-HRP）对疫苗的抗原性进行分析，发
现与 4 ℃相比，五批疫苗在 25 ℃和 37 ℃处理 24 周的情况下，相对抗原性 rEC50
在 1±0.2 之间，基本保持原有活性；在 42 ℃、50 ℃和 60 ℃处理 8 周时相对抗
原性均有下降，尤以 60℃处理条件下降最为明显。对 HEV 疫苗免疫质量的考察
证明疫苗具有较强的免疫原性。系统的免疫分析手段及 HEV 疫苗稳定性信息为
后续体外相对效力评估（In vitro relative potency assay, IVRP）替代动物实验研究、
























The capsid protein of virus, such as human papillomavirus virus and hepatitis E 
virus could self-assemble into recombinant virus-like particles (VLP), faithfully 
mimicing the structures of native virions. They can induce the protective immune 
response to prevent the related virus infection. Therefore, the VLP could be used for 
vaccine development. The recombinant VLP-based HEV vaccine (Hecolin®) have been 
licenced in 2012, and the low-risk HPV vaccine (HPV6/11) are in the clinical test. 
Exhilaratingly, they both developed with the hardwork of our laboratory and INOVAX. 
So, it is critical to ensure safety and efficacy of these vaccines. Identification and 
assessment of CQAs (Critical Quality Attributes) is critically important in vaccine 
bioprocessing. In this study, a series of various physiochemical and immunochemical 
methods were used to analyse the antigen quality attributes of two VLP-based vaccines 
(HEV vaccine and HPV6/11 vaccine), providing data-driven assurance to scale-up of 
manufacturing process and scale up. 
Firstly, we identified the characteristics of anti-HPV6 VLP mAbs and anti-HPV11 
VLP mAbs, such as the subtype, binding affinity, conformatonal sensitivity, 
neutralization activity, hemagglutination inhibition activity, Serum blocking activity, 
and type-specificity. Based on these characteristics, seven anti-HPV6 VLP mAbs 
(18D2, 10H1, 11B10, 12H4, 5D3, 17D5 and 13H5) and eight anti-HPV11 VLP mAbs 
(2A2, 4A1-3, 16G7, 10D6, 14A6, 9C12, 19C7 and 18D3) were selected for the 
immunochemical analysis for the low-risk HPV vaccine. 
Secondly, immunochemical system for low-risk HPV vaccine quality analysis was 
established with these selected murine mAbs. The system consisted of three assays: 
Surface plasmon resonance (SPR) based on label-free binding analysis, competitve 
ELISA system (rIC50) based on “in solution” antigen comformation detection, and a 
sandwich ELISA system (rEC50) based on two mAbs. These three immunochemical 
assays involved five mAbs, five mAbs, and two mAbs for the HPV6 antigen, and eight 
mAbs, eight mAbs, and two mAbs for HPV11 antigen, respectively. The results of three 
assays showed good reproducibility. 
Finally, this study applies the established HEV vaccine multi-epitope 
















stability and efficacy of HEV vaccine (Hecolin ®). In the study of HEV vaccine real-
time stability, the ED50 values, thermostability, granularity, and antigenicity of HEV 
vaccine, stored at 4 oC for 24 months were analyzed. There was no significant difference 
observed which suggested HEV vaccine safty and efficiency. Five lots of HEV vaccine 
were selected for the heat stress study. The sandwich ELISA（3A11 : p239 : 8C11-
HRP）were applied to detect the antigenicity of HEV vaccine, handled for different 
time at different temperature (25 oC, 37 oC, 42 oC, 50 oC and 60 oC). There was no 
significant difference among HEV vaccine store at 4 oC, 25 oC and 37 oC in antigenicity, 
while a significant reduction in antigenicy were observed at 42 oC, 50 oC and 60 oC. 
The immunity elicited by HEV vaccine was strong proved by the study. Systematic 
immunoassays and the stability imformation of HEV vaccine provided a strong 
technical assurance and data support for HEV future development such as replacing 
mouse potency assay with IVRP, process scale up to support market demand, and 
development of combination vaccines. 
In conclusion, the multi-epitope immunochemical analytical system for low-risk 
HPV vaccine quality was developped in this study. In addition, the established 
immunochemical analytical system for HEV vaccine was preliminarily applied to the 
stability assessments of Hecolin®. The system laid the foundation of IVRP for VLP 
vaccine. Comparing to animal based potency assays of VLP vaccine, IVRP based on 
this system could contribute to reduce testing costs and analyzing time. It also offered 





















a.a.: amino acid，氨基酸 
AUC: Analytical Ultracentrifugation，分析型超速离心 
CD: Circular Dichroism，圆二色谱法 
CHO: Chinese Hamster Ovary，中国仓鼠卵巢细胞 
cIEF: Capillary Isoelectric Focusing Electrophoresis，毛细管等电聚焦电泳 
CIN: Cervical Intraepithelial Neoplasia，宫颈上皮内瘤变 
CPP: Critical Process Parameter，关键工艺参数 
CQA: Critical Quality Attribute，关键质量属性 
DLS: Dynamic Light Scattering，动态光散射 
DNA: Deoxyribonucleic acid，脱氧核糖核酸 
DSC: Differential Scanning Calorimetry，差式扫描量热法 
ED50: 50% effective dose，半数有效剂量 
ELISA: Enzyme-Linked Immunosorbent Assay，酶联免疫吸附实验 
FDA: Food and Drug Administration，美国食品药品管理局 
FIA: Fluorescence immunoassay，荧光免疫分析 
GAM: Goat Anti-Mouse，羊抗鼠 
GMP: Good Manufacturing Practice，药品生产质量管理规范 
HBV: Hepatitis B Virus，乙型肝炎病毒 
HE: Hepatitis E，戊型肝炎 
HEV: Hepatitis E Virus，戊型肝炎病毒 
HPSEC: High performance size-exclusion chromatography，高效液相排阻色谱 
HPV: Human Papillomavirus，人乳头瘤病毒 
HRP: Horseradish Peroxidase，辣根过氧化酶 
IC50: Half maximal inhibitory concentration，半数最大抑制浓度 
IgG: Immunoglobulin G，免疫球蛋白 G 
















IVRP: In vitro relative potency assay，体外相对效价评估 
Kb: kilo base pair，千碱基对 
kDa: kilo Daltons，千道尔顿 
LC-MS: Liquid Chromatography-Mass Spectrometry，液相色谱-质谱联用技术 
mAb: Monoclonal Antibody，单克隆抗体 
MS: Mass Spectrum，质谱 
NMR: Nuclear Magnetic Resonance，核磁共振 
NT50: 50% Inhibition Titer of Neutralizing，50%中和抑制滴度 
nt: nucleotide，核苷酸 
ORF: Open Reading Frame，开放阅读框 
PAT: Process Analytical Technology，过程分析技术 
PBS: Phosphate Buffered Saline，磷酸盐缓冲液 
PCR: Polymerase Chain Reaction，聚合酶链式反应 
QbD: Quality by Design，质量源于设计 
rAg: Relative Antigenicity，相对抗原性 
rEC50: Relative Concentration for 50% of Maximal Effect，相对半数最大效应浓度 
RIA: Radioimmunoassay，放射免疫分析 
rIC50: Relative Concentration for 50% of Maximal Inhibitory Effect，相对半数最大
抑制效应浓度 
RNA: Ribonucleic Acid，核糖核酸 
SDS-PAGE: Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis，聚丙烯酰
胺凝胶电泳 
SEC-HPLC: Size-Exclusion Chromatography-High Performance Liquid 
Chromatography，分子排阻高效液相色谱 
SPR: Surface Plasmon Resonance，表面等离子共振 
TEM: Transmission Electron Microscopy，透射电子显微镜 
VLPs:Virus like particles，类病毒颗粒 






















（Vaccine）一词来源于拉丁语“vacca”。1799 年，日内瓦医生 Louis Odier 正式
将疫苗命名为 vaccine 发表在杂志《Bibliotheque Britannique》 ，从此疫苗一词得
到广泛的传播和认可[1]。 
疫苗最早起源于中国，古人用“种痘”的方式预防天花。现代疫苗学最早可
以回溯到 18 世纪末，英国医生 Edward Jenner 通过系统地调查，证明了牛痘可
以抵抗天花病毒，Edward Jenner 因此被誉为“疫苗学之父”[1-3]。80 年之后，法
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